DEC-15-2004 19:23 



CONNOLLY BOUE LODGE 8.HUTZ 



CD 

t— 

(£> 

iS 

o 

0. 
UJ 



(19) 



J 



Ml 



202 293 6229 P. 06/31 



(12) 



Europai&ches Pateniamt 
European Patent Office 
Office europeen des brevets (11) EP 0 756 169 A2 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

29-01.1997 Bulletin 1997/05 

(21) Application number: 96111695.1 

(22) Date of fffing: 19,07.1996 



(51) IntCI. 6 ; G01N 21/62 



(84) Designated Contracting States: 
DE FB OB IT 

(30) Priority: 19.07.1995 JP 206560/9$ 

(71) Applicant: Kyoto DaHcM Kagaku Co., Ltd. 
Mnaml-ku, Kyoto 601 (JP) 

(72) Inventor*: 

- Dou, Xiaoming, 
e/o Kyoto DaMctil Kagaku Co H Ltd. 
Kyoto 601 (JP) 



• Takama, Toonio, 
c/o Kyoto DaMchi Kagaku Co^ Ltd 
Kyoto 601 (JP) 

(74) Representative: Schoppe, Fritz, DlpL-mfl. 
Patentanwah, 
Georg-Kalb-Strsssa 9 
82049 Pullach Del MOnchen (DE) 



(54) Spectral measuring apparatus and automatic analyzer 

(57) In order to make a Raman spectral measuring 
apparatus effective for measurement of a vital sample 
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infrared laser diode is employed as a light source (22), 
and a spectroscope (52) for receiving Raman scattered 
light from the sample te formed by a pofychrometer 
comprising a concave diffraction grating (54) and a mul- 
tichannel photocf ode array (56). The Raman scattered 
light incident through an inlet sBt (50) te separated Into 
its spectral components by the diffraction grating (54). 
and rte spectra are simultaneously detected by the pho- 
lodiode array (56) over a prescribed wavelength region. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

"me present invention relates to a Raman scatter- 
ing spectral measuring apparatus and an automatic 
analyzer comprising the same as a detecting part, and 
more particularly, ft relates to a Raman scattering spec- 
tral measuring apparatus and an automatic analyzer 
which are suitable for measuring vital substances. 

Description of the Background Art 

Optical analyzing methods include a method called 
a Raman spectrometry. When certain molecules are 
illuminated, a small percentage of the molecules which 
have retained a photon do not return to their original 
vibration level after remitting the retained photon, but 
drops to a different vibrational level of the ground elec- 
tronic state. The radiation emitted from these molecules 
wil therefore be at a different energy and hence a differ- 
ent wavelength. This is referred to as Raman scattering. 

If the molecule drops to a higher vibrational level of 
the ground electronic state, the photon emitted is at a 
lower energy or longer wavelength than that retained. 
This is referred to as Stokes-shrhed Raman scattering. 
If a molecule is already at a higher Wbrational state 
before H retains a photon, it can imparl this extra energy 
to the remitted photon thereby returning to the ground 
state. In this case, the radiation emitted is of higher 
energy (and shorter wavelength) and is called anti- 
Stakes-shifted Raman scattering, in any set of mole- 
cules under normal conditions, the number of molecules 
at ground state is always much greater than those at an 
excited state, so the odds of an incident photon hitting 
an excited molecule and being scattered with more 
energy than it carried upon collision is very small* 
Therefore, photon scattering at frequencies higher than 
that of the incident photons (arrtj-Siokes frequencies) is 
minor relative to that at frequencies lower than that of 
the incident photons (Stokes frequencies). Conse- 
quently, it is the Stokes frequencies that ar3e usually 
analyzed* Therefore, the energy released from these 
molecules is specific to these molecules, and the spe- 
cific molecules can be identified by detecting the 
released energy as electromagnetic waves. 

A Raman scattering spectral measuring apparatus 
is adapted to irradiate a sample provided in a sample 
pari with excitation ight which is emitted from a light 
source part, separate Raman scattered light from the 
sample into its spectral components in a photoreceiving 
part and detect the same, thereby measuring the con- 
centrations of target components in the sample. Some 
such Raman scattering spectral measuring appara- 
tuses have been proposed. 

As a Raman scattering spectral measuring appara- 
tus suitable for trace analysis, an apparatus employing a 



high-output laser diode as a light source for emitting 
excitation light, a photomuttipfiar which is sensitive to 
wavelengths of 800 to 1000 nmasa detector for detect- 
ing Raman scattered Gght, and a Micheteon interferorrv 

5 eter or a non-dispersive spectroscope such as a filter as 
a spectroscope for separating the Raman scattered 
light into he spectral components is proposed (Japa- 
nese Patent Laying-Open No, 5-256782 (1993); herein- 
after refereed to as citation 1). 

io As another Raman scattering spectral measuring 
apparatus, an apparatus employing a gas laser unit 
such as an argon ion laser unit as an excitation light 
source, comprising a multidisper&rve spectroscope as a 
photoreceiving part for separating Raman scattered 

is light into As spectral components and detecting the 
same, and employing a polychrometer comprising a 
one-dimensional fine CCD as a detector is proposed 
(Japanese Patent Laying-Open No. 6-3271 (1994); 
hereinafter referred to as citation 2). 

so When a gas laser unit such as an Ar laser unit or an 
He-Ne laser unit or a solid-state laser unit such as a 
YAG laser is employed as the excitation light source, not 
only the volume of the light source part is increased but 
stability of the oscillation intensity Is deteriorated and 

25 the cost is increased. Further, such a larger-sized unit 
consumes high energy. 

When the interferometer employed in citation 1 or a 
scanning spectroscope is employed for separating the 
Raman scattered light from the sample into its spectral 

so components, the volume is increased, reproducibility is 
deteriorated, and it is difficult to perform high-speed 
measurement, 

When the multdispersive spectroscope descrtoed 
in citation 2 is employed, on the other hand, the volume 

6 as well as the cost are increased, and the light quantity 
is reduced to deteriorate the S/N ratio. The mutidisper- 
slve spectroscope is practically loo problematic to form 
a miniature measuring apparatus or be butt into an 
automatic analyzer 

40 The wavelength region of an excitation light source 
which is generally employed in a Raman spectral meas- 
uring apparatus is visible to near infrared regions, in 
wavelengths of 380 to 800 nm. In consideration of 
measurement of a vital substance, however, the sample 
45 is readily damaged in a shorter wavelength region lower 
than 800 nra due to high photon energy. Further, a gen- 
eral vital sample generates fluorescence, which is in the 
wavelength range of 650 to 800 nm. This wavelength 
range is substantially identical to a Raman shift wave- 
so length range in case of making excitation with excitation 
light of a shorter wavelength region. When excitation is 
made with the excitation light of the shorter wavelength 
region, the quantum efficiency of fluorescence genera- 
tion is increased to hide a Raman scattering signal of 
ss the vital sample. The quantum efficiency of Raman 
scattered light generation is increased when the excita- 
tion light is in a longer wavelength region under the 
same laser source power, and hence the conventional 
excitation wavelength region cannot be regarded as 
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proper for performing Raman measurement for a vital 
sample at an excellent S/N ratio. As to the vital cample* 
the preferable excitation wavelength range is 800 to 
1560 rm 

While there are many automatic analyzers compris- 
ing specimen dispensing mechanisms for dispensing 
specimens and reagent dispensing mechanisms tor dis- 
pensing reagents and detecting reaction of reactive 
solutions of the specimens and the reagents, no ana- 
lyzer utilizes a Raman spectral measuring apparatus as 
a detecting part for detecting reaction of a reactive solu- 
tion. 

SUMMARY OF THE INVENTION 

A first object of the present invention is to provide a 
Raman spectral measuring apparatus comprising a light 
source generating excitation wavelength light effective 
for measurement of a vital sample end a detector having 
wavelength sensitivity capable of detecting Raman 
scattered light in such a wavelength region, which can 
be miniaturized and. reduced In weight 

A second object of the present invention is to pro- 
vide an automatic analyzer comprising such a Raman 
spectral measuring apparatus as a detecting part 

The Raman spectral measuring apparatus accord- 
ing to the present invention is adapted to irradiate a 
sample provided in a sample part with excitation light 
from a light source part, separate Raman scattered light 
from the sample into Hs spectral components and detect 
the same in a photoreceiving part thereby measuring 
the concentrations of target components in the sample, 
and comprises a near infrared semiconductor laser 
diode having an osculation wavelength of 800 to 1560 
nm as a light source of the light source pari, while the 
photoreceiving pant comprises a polychrometer com- 
prising a single diffraction grating for separating the 
Raman scattered light from the sample into its spectral 
components and a detector having sensitivity for the 
near infrared region such as a multichannel detector 
consisting of a Ge photodiode array or an InQaAs phc- 
toe* ode array lor detecting the Raman scattered light 
separated into its spectral components by the diffraction 
grating. The apparatus further comprises a data proces- 
sor for calculating the concentrations of the target com- 
ponents in the sample on the basis of detection signals 
from the photoreceiving part 

The apparatus preferably comprises an integrating 
sphere type scattered light reinforcing holder tor making 
multiple reflection of the excitation light as a holder tor 
holding a sample cell in the sample part, in order to 
improve Raman scattered light generation efficiency. 
The sample cell for making measurement through such 
an integrating sphere type scattered light reinforcing 
holder is preferably prepared from a flow cell or a dis- 
posable cel. 

The automatic analyzer according to the present 
invention comprises the aforementioned Raman spec- 
tral measuring apparatus as its detecting part 



The near infrared semiconductor laser diode of the 
light source part can be prepared from AIGaAs, InGaAs 
or tnGaAsR When such a laser diode is employed, the 
cost as well as the space can be reduced, and a com- 

5 pact Raman spectral measuring apparatus can be 
implemented. While the oscillation intensity of the laser 
diode may be ^stabilized, such instability of the osciHa- 
tion intensity can be corrected by detecting the light 
source Intensity as a monitor and standartfizing the 

io detected intensity of Raman scattered light by the light 
source intensity. 

The pdyenrometer employed in the photoreceiving 
part is a monodispersive spectrometer and hence Us 
volume is small as compared with a multidispersjve 

is spectroscope while damping of the light quantity is 
small, whereby the overall Raman spectral measuring 
apparatus can be miniaturized while attaining cost 
reduction. The spectroscope may be transmission or 
reflection type diffraction grating. 

20 When the near infrared region of 800 to 1 560 nm is 
employed for the excitation wavelength, florescence is 
hardly generated from a vital substance, and the back- 
ground of Raman scattered light measurement is 
reduced. 

25 Further, this region has smal photon energy as 
compared with the visible region, and hence damage of 
the sample is reduced. Conseguenily, this region is suit* 
able for measurement of a vital substance, due to 
smaller sample damage and smaller influence by fluo- 

30 rescence as compared with visble light excitation 
Raman spectroscopy. 

A detector having sensitivity for the near infrared 
region such as a photo detective device of Ge, InQaAs. 
or Si is suitable for detecting Raman scattered light by 

$s excitation light of such a near Infrared region* Mufti* 
wavelengths can be simultaneously detected by 
employing the multi-channel detector, and the Raman 
light intensity can be corrected by a light intensity of the 
excitation wavelength or a Rayleigh scattered light 

40 wavelength detected by employing pans thereof. Meas- 
uring accuracy is improved to be convenient for meas- 
urement of a minor sample by correcting fluctuation .of 
the light source Intensity. 

The Raman spectral measuring apparatus accord- 

4* ing to the present Invention comprises the near infrared 
semiconductor laser diode as the fight source, whereby 
the cost as weU as the space can be reduced, for imple- 
menting a compact Raman spectral measuring appara- 
tus. Further, the near infrared excitation wavelength is 

so suitable tor measurement of a vital substance since the 
quantum efficiency of fluorescence generated from the 
vital substance is small, photon energy is smaller than 
that in the visfcie region, and damage of the sample is 
small. 

55 The spectroscope of the photoreceiving part is pre- 
pared from the rnonodlspersive spectroscope and the 
polychrometer is formed by employing the multi-channel 
detector of the photodiode array tor detecting Raman 
scattered light separated into its spectral components 
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by the spectroscope, whereby the volume is small and 
damping of the light quantity is also smafl. Thus, the 
overall Raman spectral measuring apparatus can be 
miniaturized, leading to cost reduction. 

When the Integrating sphere type scattered light 
reinforcing holder for making multiple reflection of the 
excitation light is comprised as the holder for holding the 
sample celt in the sample part in onder to improve 
Raman scattered light generation efficiency, detection 
can be made at an excellent S/N ratio. 

The automatic analyzer comprising the inventive 
Raman spectral measuring apparatus is suitable for 
analyzing a minor vital substance, and can Implement 
measurement at a high speed and in high sensitivity 
and Ngh accuracy tor multiple items at a low cost. 

The foregoing and other objects, features, aspects 
and advantages of the present invention wil become 
more apparent from the following detailed description of 
the present invention when taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing a Raman spectral 
measuring apparatus according to the present 
invention; 

Fig. 2 is an arrangement diagram showing a meas- 
uring apparatus of an embodiment employing a 
holographic notch filter in a photoreceiving part as 
filter means for receiving target fight In a direction of 
180 degrees with respect to excitation light for a 
sample: 

Fig. 3 is an arrangement diagram showing a meas- 
uring apparatus of an embodiment employing a 
holographic notch filter in a photoreceiving part as 
f flter means for receiving target light in a direction of 
90 degrees with respect to excitation Light for a 
sample; 

Rg. 4A is an arrangement diagram showing a 
measuring apparatus of an embodiment employing 
a holographic beam spotter in a photoreceMng part 
as titer means for receiving target light in a direc- 
tion of 180 degrees with respect to excitation light 
for a sample; 

Fig. 4B is a sectional view schematically showing 
the holographic beam splitter part in the embodi- 
ment shown in Fig. 4A; 

Rg, SA is an arrangement diagram showing a 
measuring apparatus of an embodiment employing 
a bandpass filter far a photoreceiving part as f liter 
means for receiving target light in a direction of 90 
degrees with respect to excitation light for a sample; 
Rg. 5B is a sectional view schematically showing 
the bandpass filter part in the embodiment shown in 
Rg, 5A; 

Rg. 6 is an arrangement diagram showing a meas- 
uring apparatus of an embodiment employing a 
bandpass filter for a photoreceiving part as filter 
means for receiving target Tight in a direction of 1 80 
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degrees with respect to excitation light for a sample; 
Rg. 7A ts a schematic block cfiagram showing 
another exemplary monodispersive spectroscope; 
Rg. 7B is a schematic block diagram showing still 
another exemplary monodispersive spectroscope; 
Rg. 8A is a front elevational view showing an inte- 
grating sphere type scattered light reinforcing 
holder as an exemplary sample cell holder in a 
sample part; 

Rg, 8B is a plan view of the holder; 

Rg. 8C is e right side elevational view of the holder; 

Rg. 8D is an exploded perspective of the holder; 

Rg. 9 A is a front elevational view showing a flow 

ceH; 

Rg. 9B is a right side elevational view of the flow 
cell; 

Rg. 9C is a perspective view of the flow cell; 

Rg. 9D is a schematic front sectional view showing 

a disposable celJ; 

Rg. 10A illustrates a Raman scattering spectrum 
measured in a measuring apparatus of Example 
with no integrating sphere type eel holder; 
Rg. 106 illustrates a Raman scattering spectrum 
measured in the measuring apparatus with an inte- 
grating sphere type ceO holder; 
Rg. 1 1 A illustrates the spectrum shown in Fig. 10A 
while increasing the gain; 

Rg. 1 1B ilustrates the spectrum shown in Fig. 10B 
while increasing the gain; 

Rg. 12 is a schematic block dag-am showing an 
embodiment of an automate analyzer utilizing the 
inventive Raman spectral measuring apparatus as 
a detecting part 

Rg. 13 is a schematic block diagram showing 
another embodiment of an automatic analyzer uti- 
lizing the inventive Raman spectral measuring 
apparatus as a detecting part; 
Rg. 14 is a flow chart showing a Raman scattering 
measuring operation by the Raman spectral meas- 
uring apparatus in either embodiment of the auto- 
matic analyzer; 

Rg. 15 is a flow chart showing an operation of 
either embodiment c4 the automatic analyzer 
employing an ordinary or flow cell as the sample 
cell; 

Rg. 16 is a flow chart showing an operation of 
either embodiment of the automatic analyzer 
employing a disposable cell as the sample cell; 



so DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Rg. 1 schematically illustrates a Raman measuring 
apparatus according to the present invention. A sample 
se provided on a sample part 4 is irradiated with excitation 
light from a light source part 2. so that Raman scattered 
light from the sample is separated into rts spectral com- 
ponents and detected in a photoreceiving part 6, and 
the concentrations of target components in the sample 
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are measured in a data processor 8. 

Figs, 2 to 6 concretely Illustrate optical systems in 
the present invention. 

Fig. 2 shows an embodiment providing a holo- 
graphic notch fitter including an excitation Tight wave- s 
length in its notch region or a cut filter shielding an 
excitation light wavelength and a shorter wavelength 
side therefrom in a phcftoreceiving part 6 for receiving 
Raman scattered light in a direction of 160 degrees with 
respect to excitation light for a sample. io 

A laser diode (InGaAs laser diode by SDL U.S. A J 
is provided In a light source part 2 as a light source 22, 
while a hall mirror 26 Is arranged as a beam splitter tar 
dividing excitation light from the light source 22 into a 
sample beam 20s and a correction beam 20 r. A light is 
source condensing lens 24 and a convergent lens 28 
are arranged in the light source part 2 with a half mirror 
26 between, in order to converge the sample beam 20s 
on a sample cell 5 provided in a sample part 4. 

The sample beam 20s from the excitation light eo 
source part 2 is reflected by a half mirror 32 which is 
arranged in the photorecerving part 6, and applied to a 
sample in the sample cell 5. The photoreceiving part 6 
is provided with condenser lenses 34 and 36, in order to 
converge Raman scattered light from the sample trans* 2s 
mltted through the half mirror 32 on an inlet slit 50 of a 
spectroscope 52 as target light Light which Is incident 
upon the photoreceivtng part 6 from the sample also 
includes Rayleigh scattered light in addition to the 
Raman scattered light Therefore, a holographic notch so 
filter 38 which is set to include the excitation light wave- 
length in He notch region is arranged in the photoreceiv- 
ing part 6 as a fitter for removing the same wavelength 
component as the excitation light and transmitting the 
Raman scattered light. Such a holographic notch filter is & 
available on Kaiser Optical Systems Inc. USA, for 
example. The holographic notch filter 38 has character- 
istics of completely shielding wavelength fight included 
in the notch region and transmitting light of other wave- 
length regions by at least 80 %. tar example. 40 

A half mirror 40 is arranged as beam combining 
means between the condenser lens 36 of the photore- 
ceiving part 6 and the Wet slit SO of the spectroscope 
52, so that the Raman scattered light is transmitted 
through this half mirror 40 and incident upon the spec- 45 
trosccpe52. 

An optical correction adjusting part is set for guiding 
the correction beam 20r which is divided by the had mir- 
ror 26 in the light source part 2 to the half mirror 40 of 
the beam combining means. An extinction filter 42 tar so 
damping the quantity of Dght a bandpass fitter 46 for 
shielding wavelength light which is generated in the half 
mirror 26 of the light source part 2 and a sideband from 
a laser beam from the fight source 2> and a mirror 44 for 
bending the light path are arranged in the optical correc* ss 
Hon adjusting part The correction beam 20r which is 
guided to the inlet slit 50 through the half mirror 40 by 
the optical correction adjusting part 8 is condensed on 
the inlet slit 50 by the light source condenser lens 24. 



In order to shield tfie sideband from the laser beam 
from both of the sample and correction beams 20s and 
20r, the bandpass filter 46 may alternatively be 
arranged on the light path between the Tight source 22 
and the half mirror 26. 

The Raman scattered light from the sample and the 
correction beam 20r which is guided from the optical 
correction adjusting pan 8 are guided onto the same 
optical axis in the half mirror 40, to be guided to the 
spectroscope 52 through the inlet slit 50. The spectro- 
scope 52 is formed by a polychrometer comprising a 
single diffraction grating 54 and a multi-channel photo- 
detector, and comprises a plane mfrror for reflecting 
Bght incident through th inlet slit 50. a concave diffrac- 
tion grating 54 for separating the incident light guided by 
the plane mirror into its spectral components, and a 
photodiode array detector 56 provided with a plurality of 
photodetecting elements along the direction of disper- 
sion of the diffraction grating 54 for simultaneously 
detecting the spectral components separated by the dif- 
fraction grating 54 over a prescribed wavelength region. 

Numeral 60 denotes an arithmetic processing con- 
trol part which controls the operations of the respective 
parts and processes signals detected by the photode* 
factor 56. This arithmetic processing control part 60 
also includes a function tar correcting a detected inten- 
sity of the Raman scattered light on the basis of a 
detected intensity of an excitation light component in a 
spectrum which is detected by the photodetector 56, 
and operates a Raman scattered light spectrum in 
which fluctuation of the Ight source is corrected and 
performs qualification and determination of a sample 
from the Raman scattered light intensity. Numeral 62 
denotes an output unit such as a printer or a display out- 
putting data processed in the arithmetic processing 
control part 60. 

In the embodiment shown in Fig. 2, the holographic 
notch titer 36 may be replaced with a sharp cut fitter 
having sharp wavelength characteristics for shielding an 
excitation light wavelength and a shorter wavelength 
side therefrom. 

Fig. a llustrates an embodiment employing a holo- 
graphic notch filter or a cut filter as titer means of a pho- 
toreceiving part 6 similarly to the embodiment shown in 
Fig. 2. However, this embodiment is adapted to receive 
Raman scattered light in a direction of 90 degrees with 
respect to excitation light for a sample. In this case, no 
half mirror 32 is necessary for irradiating a sample in a 
cample cell 5 with a cample beam 20s and making scat- 
tered light from the sample incident upon a condenser 
lens 34 of the photoreceiving part 6. The sample beam 
20s is converged by a light source condenser lens 24 
and a convergent lens 28 of an excitation light source 
part 2 and directly applied to the sample in the sample 
cell 5, so that the scattered light from the sample is 
directly incident upon the condenser lens 34 of the pho- 
toreceiving part 6. 

While the bandpass filter 46 is arranged on the light 
path of the optical correction adjusting part 8 in Rg, 2, 
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that in Fig. 3 is arranged on a light path in front of a 
beam spotter 26 for dividing a beam from an excitation 
light source into the sample beam and a correction 
beam in the excitation light source part, ft is posstole to 
shield a sideband of a laser beam from both of the sam- 
ple and correction beams by arranging the bandpass fil- 
ter 46 on the position shown in Fig. 3. While a 
condenser lens 45 is further arranged on the light path 
of an optical correction adjusting part in Fig. 3. this lens 
45 Is adapted to condense the correction beam on the 
position of a slit 50 for adjusting the quantity of light, and 
is not necessary if the quantity of the correction beam is 
sufficiently high. 

Fig. 4A illustrates an embodiment employing a 
holographic beam splitter 70 having characteristics of 
reflecting excitation fight and transmitting Raman light 
as filter means of a photorecetving part 6 tor receiving 
Raman scattered light in a direction of 180 degrees with 
respect to excitation light for a sample. 

As shown in Fig. 40, the holographic beam splitter 
70 reflects a sample beam 2Qs, applies the same to a 
sample in a sample cell 5. and transmits only Raman 
scattered light 74 in light 72 from the sample including 
the Raman scattered light and Rayleigh scattered light 
for making the same incident upon a condenser lens 34 
of the photorecelving part 6. 

Rg, 5A illustrates an embodiment employing a 
bandpass filter 82 having characteristics of transmitting 
and removing an excitation light wavelength component 
and reflecting a Raman scattered light component as fil- 
ter means of a photorecelving part 6. In this case, 
Raman scattered light is received in a direction of 90 
degrees with respect to excitation light tor a sample. 

As shown in Fig. SB, the bandpass fitter 82 is 
arranged on a mirror face side of a transmission/con- 
densation mirror 80, while a beam stopper 64 is 
arranged on an opposite side of the bandpass filter 82 
to the transmission/condensation mirror 80. Light 72 
from a sample including Raman scattered light and 
Rayleigh scattered light is condensed by condenser 
lenses 34a and 36a. to be incident upon the bandpass 
filter 82 from a back surface of the transmrsslon/conden- 
sation mirror 80 through its incidence hole. Rayleigh 
light 76 is transmitted through the bandpass f iter 82 and 
absorbed by the beam stopper 84, while Raman scat- 
tered light 74 is reflected and condensed by the mirror 
face of the transmission/condensation mirror 80 to be 
Incident upon a spectroscope from an inlet slit 50 
through a half mirror 40. Two mirrors 44a and 44b are 
arranged in an optical correction adjusting part 8. in 
order to bend a light path by 1 80 degrees. 

Fig. 6 illustrates an embodiment employing a band- 
pass filter 82 having characteristics of transmitting and 
removing an excitation light wavelength component and 
reflecting a Raman scattered light component as filter 
means of a pbotoreceiving part 6, similarly to Rg. 5. 
However, this embodiment receives Raman scattered 
light in a direction of 180 degrees with respect to excita- 
tion light for a sample. A half mirror 32 is arranged for 



applying a sample beam 20s to a sample in a sample 
cell 5 and making light from the sample incident upon a 
condenser lens 34a of the photoreceiving part 6. 

The direction for receiving the Raman scattered 
s light from the sample is not restricted to thai of 90 or 180 
degrees, but may be that of another arbitrary angle. 

In each of the optical systems shown in Figs. 2 to 6. 
part of the excitation tight is extracted by the beam split- 
ter of the half mirror 26 and detected simultaneously 
to with the Raman scattered light in order to correct light 
source intensity fluctuation, whereby the Raman scat- 
tered light can be correctly measured even if the inten- 
sity of the excitation light from the light source 
fluctuates. Such correction Is not restricted to that utiliz- 
es ing part of the excitation light, but may be performed by 
detecting Rayleigh scattered light generated from the 
sample simultaneously with the Raman scattered light 
If the intensity of the excitation Bght from the light source 
has excellent stability, such correction may be omitted. 

While that employing the concave diffraction grating 
54 Is illustrated in Fig. 2 as an exemplary monodisper- 
sive spectroscope, that shewn in Fig. 7A or 7B can alter- 
natively be employed as another monodispersrve 
spectroscope. Fig. 7A lluetrates a spectroscope called 
es a Czerny-Turner type spectroscope, in which Raman 
scattered light incident through a spectroscopic slit 50 
or incident light simultaneously incorporating light of an 
excitation wavelength component tor correction and a 
Rayleigh scattered light component in Raman scattered 
so light Is reflected by a plane mirror 51 and a spherical 
minor 53a, incident upon a plane diffraction grating 54a 
to be separated into its spectral components by the 
plane diffraction grating 54a, and incident upon a mult- 
channel detector 56 through a spherical mirror 53b. An 
ss image of the spectroscopic slit 50 is formed on the 
detector 56 by the two spherical mirrors 53a and 53b, to 
be wavelength-dispersed in a direction of arrangement 
of photodetecting elements. 

Referring to Fig. 7B, on the other hand, light inci- 
40 dent through a spectroscopic slit 50 is incident upon a 
transmission type diffraction grating 54b through a con- 
denser lens 55a to be diffracted by the diffraction grating 
54b, and forms an image on a multi-channel detector 56 
through a condenser lens 55b. In this spectroscope, an 
49 image of frie spectroscopic slit 50 is formed on the 
detector 56 by the two condenser lenses 55a and 55b, 
to be wavelength-cispersed In a direction of arrange- 
ment of photodetecting elements. 

Figs. 8A f 8B, 8C and 80 are a front elevations! view, 
so a plan view, a right side elevational view and an 
exploded perspective view showing an integrating 
sphere type scattered light reinforcing holder, as an 
exemplary sample cell holder in a sample part. 

A ceU holder 90 consists of two members 90a and 
55 90b which are superposed with each other, and is pro- 
vided with a cylindrical cell holding part 92, an integrat- 
ing sphere part 94 linked with the cell holding part 92, 
and an inlet/outlet hole 96 for irradiating a cell which is 
held by the cell holding part 92 with excitation light 
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through the integrating sphere part 94 and taking out 
scattered light generated from a sample fn the cell to the 
exterior through the integrating sphere part 94. 

While a scattered light taking out direction Is at 1 80 
degrees to an excitation light incident direction in Pigs. 
8A to 8D, an excitation light inlet hole and a scattering 
light outlet hole may be separately provided so that the 
excitation fight incident direction and the scattered light 
taWng out direction are perpendicular to each other. 

Figs. 9A to 9C are a front elevations! view, a right 
side elevational view and a perspective view showing a 
flow cell 97 which is suitably mounted on the cell holder 
90 shown in Rgs. 8A to 8D. This flow cell 97. which is 
made of quarto, is cytindrJcally formed to be mounted on 
the cei! hokfing part 92 of the cell holder 90. and flanges 
98 are provided on both end portions to be fixed to the 
cell holder 90. On the other hand. Fig. 9D ts a front sec- 
tional view showing a disposable cell 99. This dispose* 
We cell 99, which Is made of plastic, is cylindrically 
formed to be mounted on the celt holding part 92. 

Figs, 10A, 10B, 11A and 11B illustrate results 
obtained by employing an InGaAs laser diode (product 
by SDL, U5-A.) having an oscillation wavelength of 980 
nm and an output of 7 mW for a fight source and meas* 
uring Raman scattering spectra of 99 % acetone with 
the measuring apparatus shown in Fig. 2. Figs. 1 0A and 
11 A show results obtained without the integrating 
sphere type cell holder 90, and Rgs* 1 0B and 1 1 B show 
results obtained with the integrating sphere type cefl 
holder 90. Referring to these graphs, the axes of oral- 
nates show detected intensities, and the axes of abscis- 
sas show shift wavenumbers from excitation 
wavelengths. 

The results shown in Figs. 10A and 10B were 
obtained by comparing the spectra with each other 
while expressing the detected intensities on the axes of 
ordinetes on the same scales, and Figs. 11A and 11B 
show the same results as those in Figs. 10A and 10B 
while increasing the gains for attaining substantially 
identical peak heights in the range of shift wavenumbers 
of o to 2500 cm 1 . From the comparison results shown 
in Rgs. 11 A and 11B. It Is understood that Raman scat- 
tered light is reinforced to about 30 times and the S/N 
ratio is improved when the integrating sphere type cell 
holder shown in Figs. BAto 8D Is employed. 

Figs. 12 and 13 illustrate automatic analyzers each 
utilizing the inventive Raman spectral measuring appa- 
ratus as a detecting part for optically detecting reaction 
of a reactive solution in a sample cell. 

Fig. 12 shows an exemplary automatic analyzer 
employing an ordinary cell which is recycled by washing 
as a sample cell 1 00. A plurality of types of reagent ves- 
sels 102 which are responsive to measured Hems are 
provided in order to dispense reagents into the sample 
cell 100 in response to the measured items, and feed 
pumps 1 04 are provided for the respective reagent ves- 
sels 102, in order to dispense the reagents in the rea- 
gent vessels 102 into the sample cell 100. In order to 
dispense specimens in the sample cell 100, a turntable 



specimen rack 106 which is provided with a plurality of 
specimen containers 106 along its circumference and 
rotated for locating a prescribed one of the specimen 
containers 106 on a specimen sucking position and a 

3 rJspenser 1 10 for sucking the specimen from the speci- 
men container located on the specimen sucking posi- 
tion and dispensing the same into the sample cell 100 
are provided. The specimen rack 108 is not restricted to 
the turntable type one, but may be prepared from 

w another type one. 

In order to wash the sample cell 1 00, a pump 1 1 2 is 
provided for supplying a washing solution to the sample 
cell lOOfroma washing solution vessel 114 and eucking 
the washing solution washing the sample cell 100 and 

te discharging the same into a waste liquid vessel 116. 
The pump 112 is also adapted to discharge a reaction 
solution from the sample cell 100 into the waste liquid 
vessel 116 after measurement 

Reagents and specimens are cfispensed into the 

so sample cell 100, which in turn is irradiated with excita- 
tion light by the inventive Raman spectral measuring 
apparatus with respect to a reaction solution after a 
lapse of a prescribed reaction time, so that Raman scat- 
tered light by the reaction solution is measured and the 

2S concentrations of target components are obtained. 

When the sample cefl 100 is prepared from a dis- 
posable ceil sealed with reagents, the mechanisms for 
reagent dispensation and washing shown in Fig. 12 are 
unnecessary On the other hand, a cell supply mecha- 

30 nism is required for supplying the disposable cefl corre- 
sponding to measured items to a measuring position. 
After completion of the measurement, the disposable 
call may be removed from the measuring position and 
disposed while containing the reaction solution. How- 

as ever, it is preferable to remove and depose the cell from 
the measuring position after discharging the reaction 
solution so that the measured reaction solution do not 
flow out Therefore, the pump 1 12 and the waste water 
vessel 1 16 shown in Fig. 12 are preferably provided. 

40 Fig, 13 shows an exemplary automatic analyzer 
employing a flow cell as a sample ceR 120. A mixer 122 
having a switching valve on Its outlet tor mixing reagents 
with specimens and reacting the same with each other 
is provided above the flow cell 120. In order to supply 

4$ reagents to the mixer 122. a reagent supply mechanism 
for supplying reagents from reagent vessels 102 by feed 
pumps 104 and a specimen dispensing mechanism for 
dtepenstng specimens contained in specimen contain- 
ers 106 which are arranged on a specimen rack 106 by 

so a dispenser 110 are provided* In order to wash the 
mixer 122 and the flow cell 120, a pump 1 12 is provided 
for supplying a washing solution from a washing solu- 
tion vessel 1 14 to the mixer 122 is provided. The reac- 
tion solution after completion of measurement and a 

sb washing solution are discharged to a waste liquid vessel 
1 16 through the flow cell 120. 

The reagents and the specimens are mixed with 
each other by the mixer 122, so that the reaction solu- 
tion is fed from the mixer 122 through the flow cell 120 
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after a lapse of a preserved reaction time. While the 
reaction solution flows through the flow ceil 120. the 
flow cell 120 is irradiated with excitation light by the 
inventive Raman spectral measuring apparatus, so that 
Raman scattered light from the reaction solution is 
measured to obtain the concentrations of target compo- 
nents. 

Description is now made on an immunoanaly&is 
method which is suitable for making measurement in 
me field of a c finical test biochemical sample measure- 
mem, quality control of medicines and the tike by using 
the automatic analyzer described in Pig. 12 or 1 a. 

An immunoanajysls method by Raman scattering 
measurement is stud ed as an immunoanalysis method 
which can make measurement in high sensitivity with no 
requirement tor a number of troublesome chemical 
treatment operations such as that for labeling antigens 
or antibodies with a fluorescent substance or a chernilu- 
minescent substance, a B/F separation operation lor 
separating an immune complex (B) making antigen- 
antibody reaction from and antigen (F) making no anti- 
gen-antibody reaction from each other and a washing 
operation in relation to an immunological analysis 
method. The wavelength of Raman scattered light is 
shifted from that of the excitation fight by a frequency by 
internal vferatkn of the Immune complex substance, A 
formed immune complex can be identified from a 
Raman spectrum by separating the Raman scattered 
light into its spectral conxxanents and detecting the 
same, while the added target substance can be deter- 
mined from the Raman scattered fight intensity. 

Sample DNA is thermally denatured into single- 
stranded DNA, Probe DNA is added thereto, the tem- 
perature is so reduced that the probe DNA and the sanv 
pie single-stranded DNA are annealed. A noble metal 
coflotd is added thereto, and irradiated with excitation 
light so that surface- enhanced Raman scattering is 
spectraly analyzed. Weak surface-enhanced Raman 
scattering takes place if the probe DNA is bonded to the 
single* stranded DNA, while strong surface-enhanced 
Raman scattering takes place if the former is not 
bonded to the latter. A target gene can be detected by 
tnis otnerence. 

Concrete Example is now described. 

Polyadenine was adjusted to 10~ 5 mol/l and poly* 
thymine was adjusted to 1 0" 5 moW. 10"* mow, 10" 7 mol/J 
and 10" B mol/l to be mixed with 0.3 ml of nucleotide 
each, treated at 90 "C for 5 minutes respectively, and 
thereafter annealed at 37 °C for 30 minutes. 

A mixture obtained by adding 0.1MHCI to a silver 
colloid prepared by the Clayton method and adjusting 
the same to pH 2. 7 was taken by 1 .9 ml so that 0. 1 ml of 
each of the aforementioned annealed DNA mixed solu- 
tions was added thereto, and surface-enhanced Raman 
scattering was measured. Fig. 17 shows the results. 
Fig. 16 shows a calibration curve thereof. 

The operation of each of the automatic analyzers 
shown in Figs. 12 and 1 3 is now described in more 
detail 



Fig. 14 is a flow chart showing an operation called 
a first step of measuring a reaction solution in the sam- 
ple cell by the inventive Raman spectral measuring 
apparatus* 

5 The power source for the apparatus is turned on. 
and a measuring mode is selected and set. Measuring 
modes include selection of measured items, setting of a 
specimen measurement number, and setting of a cor- 
rection method. A method of incorporating part of exd* 

10 tstion light in the same multi-channel photodetector for 
correcting fluctuation of the light source as in the optical 
system shown in Fig. 2, a conecting method of Incorpo- 
rating Rayleigh scattered light in the same multi-channel 
photodetector, or a method performing no correction of 

»s light source intensity can be selected as the correcting 
method. 

When a start button is pushed to start measure- 
ment excitation light starts oscillation in the Raman 
spectral measuring apparatus serving as a detecting 

so part. 

Reagents and specimens are dispensed in the 
sample cell, and a shutter between the light source part 
and the sample cell is opened after a lapse of a constant 
reaction time so that the reaction solution in the sample 

ss cell is irradiated with excitation light, raman scattered 
light is generated from the reaction solution and 
detected by the detecting part, and thereafter the shut- 
ter between the light source part and the sample cell is 
dosed to complete single measurement. Denoted as a 

so second step are dispensation of reagents and speci- 
mens in the sample cell in a reaction part, reaction solu- 
tion discharge, sample cell washing and the like, as 
descrtoed later with reference to Rgs. 15 and 16. After 
measurement for the set specimen measurement 

ss number is completed, signal operation processing of the 
detected Raman scattered light is performed so that 
operation results are outputted and the measuring oper- 
ation is completed. 

Fig. 15 shows the operation in the reaction part m 

40 case of preparing the sample cell from an ordinary cell 
which is washed and recycled or a flow cell. 

When the start button is pushed to start measure- 
ment the reaction part determines whether or not a pre- 
scribed specimen is located on the specimen sucking 

45 position of the specimen rack 108, so that a lamp indi- 
cating the result of such specimen checking Is flashed, 
the specimen rack 108 is driven to locate the prescribed 
specimen on the specimen sucking position, and the 
position checking lamp is turned on to display that die- 
so pensation of the specimen is possible if the determina- 
tion is of no. A reagent responsive to the measured Kern 
Is inhaled by the feed pump 104 and discharged to the 
sample cell 1 00 or the mixer 122. to start reaction. After 
a lapse of a constant reaction time, the reaction solution 

ss is supplied in the sample cell 100. or from the mixer 1 22 
to the flow cell 1 20 in case of a flow cell, so that Raman 
scattered light is measured by the procedure shown in 
FiO. 14. 

In case of an ordinary cell, the reaction solution is 
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thereafter Inhaled by the pump 112 and discharged to 
the waste liquid vessel 1 1 6, so that thereafter the wash- 
ing solution is supplied to the sample cell 100 by the 
pump 1 12. and the washing solution is ften discharged 
from the sample cell 100 into the waste liquid vessel s 
1 1 6 after washing. In case of a flew cell, on the other 
hand, the washing solution is discharged from the mixer 
122 to the waste liquid vessel 116 through the flow ceil 
120 by the pump 1 12. The specimen rack 106 is driven 
during washing of the sample cell 100 or washing of the w 
mixer 122 and the flow cell 120. so that the next speci- 
men is located on the specimen sucking position. 

pig, 16 illustrates the operation of the reaction part 
in case of a sample cell prepared from a disposable cell 
In this example, it is assumed that the disposable cell is is 
sealed with a metal colloid labelling reagent Therefore, 
no reagent is dispensed into the sample cell. When the 
Start button is pushed to start measurement and a pre- 
scribed specimen is located on the specimen sucking 
position in this case, the disposable cell is set on a so 
measuring position and the specimen is dispensed for 
starting reaction. After a lapse of a constant reaction 
time, Raman scattered fight is measured in the disposa- 
ble cell on the measuring position by the procedure 
shown in Fig. 14. After the Raman scattered light is tt 
measured, the disposable cell is removed from the 
measuring position and disposed. In a specimen supply 
mechanism, the specimen rack 108 is driven immedi- 
ately after dispensation of a specimen into another dis- 
posable eel, so that the next specimen is located on the 30 
specimen sucking position. 

The automatic analyzer according to the present 
invention is not restricted to that utilized tor an knmuno* 
logical analysis method employing antigerhentibody 
reaction, but may be adapted to irradiate a specimen as 
sample with excitation light without employing a reagent 
for performing qualification or determination through 
Raman scattered light from a target component in the 
specimen. 

Although the present invention has been descrbed 40 
and Illustrated in detail. It is clearly understood that the 
same is by way of illustration and example only and Is 
not to be taken by way of limitation, the spirit and scope 
of the present invention being limited only by the terms 
of the appended claims. *s 

Claims 

1 . A Raman spectral measuring apparatus comprising 
a light source part (2), a sample part (4) for hradiat- sc 
ing a sample (5) with a sample beam (20s) from 
said light source part (2), a photoreceiving part (6) 
for receiving Raman scattered fight being gener- 
ated from said sample (5). separating said Raman 
scattered light into its spectral components and ss 
detecting said Raman scattered light being sepa- 
rated into Hs spectral components, and a data proc- 
essor (8) for calculating the concentration of a 
target component in sakf sample on the basis of a 



detection signal from said photoreceiving part (6). 
characterized in that 

said fight source part (2) comprises a near 
infrared semiconductor laser dode having an oscil- 
lation wavelength of 600 to 1560 nm as a light 
source (22). 

said photoreceiving part (6) comprises a 
polychrometer comprising a single diffraction grat- 
ing (54) lor separating said Raman scattered light 
into He spectral components and a multichannel 
detector (56) having sensitivity tor near infrared 
region shifted by Raman scattering from the wave- 
length of said light source (22) for detecting said 
Raman scattered light being separated into its 
spectral components by said diffraction grating 
(54). 

2. The Raman spectral measuring apparatus in 
accordance with claim 1 . wherein 

said mJtichanne! detector (66) is one of 
photo detective devices of Qe, InQaAs and Si. 

3. The Raman spectra] measuring apparatus in 
accordance with claim 1 , wherein 

said fight source part (2) further comprises a 
beam splitter (26) for dividing a beam from said light 
source (22) into said sample beam (20s) and a cor- 
rection beam (20r), 

said photoreceiving part (6) further com- 
prises fater means (38) for removing the same 
wavelength component as excitation light from light 
from said sample (S) ( and a beam combining 
means (40) for guiding a beam being passed 
though said filter means (38) and said correction 
beam (20r) to said diffraction grating (54) on the 
same optical axis, and 

said data processor (60) has functions of 
obtaining Raman scattered light intensity at a pre- 
scribed wavelength from a spectrum being 
detected by said detector (56) of said photoreceiv- 
ing part (6) as a measured value and correcting 
said measured value on the basis of detected inten- 
sity of an excitation light component in said spec- 
trum. 

4. The Raman spectral measuring apparatus in 
accordance with claim 3, wherein 

said filter means (38) is a holographic notch 
filter including said excitation light wavelength in its 
notch region. 

5. The Raman spectral measuring apparatus In 
accordance with claim 3. wherein 

said filter means (38) is a cut filter for shield- 
ing said excitation light wavelength and a shorter 
wavelength side therefrom. 

6. The Raman spectral measuring apparatus in 
accordance with claim 3, wherein 
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said frKer means (38) is a bandpass filter 
having characteristics of transmitting to remove 
saw excitation light wavelength component and 
reflecting other wavelength components. 

5 

7. The Raman spectral measuring apparatus in 
accordance with claim 3, wherein 

said filter means (38) is a holographic beam 
splitter lor removing said excitation light wavelength 
by transmission or reflection. to 

b. The Raman spectral measuring apparatus in 
accordance with claim 1 , wherein 

said sample part (4) comprises an integrat- 
ing sphere type scattered light reinforcing holder fs 
(90) as a holder for holding a sample cell. 

9. The Raman spectral measuring apparatus in 
accordance with daim 1, wherein 

a sample cell being held in said eampfe part so 
(4) is a flow cell or a disposable cel. 

1 0. An automatic analyzer comprising a reaction part 
comprising a sample eel (100, 120) for reacting a 
specimen and a reagent with each other, and a 2s 
detecting part for optically detecting reaction of a 
reaction solution in said sample cell of sad reaction 
part characterized in that 

said detecting part Is a Raman spectral 
measuring apparatus for irradiating said reaction so 
solution in said sample eel with excitation light from 
a light source part, and separating Raman scat- 
tered light from said reaction solution into its spec- 
tral components and detecting the same in a 
photoreceMng part thereby measuring the concen- as 
tration of a target component in said reaction solu- 
tion, said fight source part comprising a near 
infrared semiconductor laser cflode having an oscil- 
lation wavelength of 800 to 1560 nm as a light 
source, said photoreceiving part comprising a poly- 40 
chrorneter which comprises a single diffraction grat- 
ing for separating Raman scattered light from said 
reaction solution into its spectral co m po nents and a 
multichannel detector having sensitivity tor near 
infrared region shifted by Raman scattering from . 4$ 
the wavelength of said light source for detecting 
said Raman scattered light being separated into its 
spectral components by said diffraction grating. 

11. The Automatic analyzer in accordance with claim so 
10, wherein 

said multichannel detector is one of photo 
detective devices of Go, InQsAs and Si. 

12. The Automatic analyser in accordance with claim 66 
10, wherein 

said reaction part comprises a specimen dis* 
pensing mechanism (108. 110) for dispensing a 
specimen into said sample ceJl (100). a reagent dis- 
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pensing mechanism (102, 104) for dispensing said 
reagent into said sample cell (100), and a washing 
mechanism (112, 114) for washing said sample 
cell. 

13- The Automatic analyzer in accordance with claim 
10. wherein 

said reaction part comprises a measuring 
cell supply mechanism for supplying a disposable 
sample ceil being sealed with said reagent to a 
measuring position, and a specimen dispensing 
mechanism for dispensing a specimen into said 
sample celt on said measuring position. 

14* The Automatic analyzer in accordance with claim 
10, wherein 

said reaction part comprises a specimen Dis- 
pensing mechanism (106. 110) for dispensing a 
specimen into a mixing part <122)> a reagent dis- 
pensing mechanism (102. 1 04) for dispensing said 
reagent into said mixing part (122), and a flow cell 
(120) serving as said sample cell being fed with 
said reaction solution from said mixing part (122). 
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